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Researchers in various disciples have long tried to understand the inter-
relationship of socioeconomic status, environment, and health. This sub-
ject is related to a number of important issues, such as the changing rela-
tionship among host, agent, and environmental factors, the socioeconomic
diﬀerences in health, and the long-term decline in mortality. The medical
and epidemiological literature provides many examples of the possible links
between early-life conditions and chronic disease at older ages. A series of
studies by D. J. P. Barker and his colleagues (Barker 1992, 1994) links many
of the degenerative conditions of old age to exposure to infectious disease,
malnutrition, and other types of biomedical and socioeconomic stress in
utero and in the ﬁrst year of life. Studies have found that infectious diseases
aﬀect the chances of suﬀering chronic conditions such as heart, respiratory,
and musculoskeletal disorders (Elo and Preston 1992; Costa 2000). These
ﬁndings provide evidence for the “insult accumulation model,” which states
that each insult from illness or injury leaves the individual more susceptible
to disease in the future (Alter and Riley 1989). However, the relationship be-
tween the early-life conditions of a cohort and its later health is not entirely
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my own.straightforward. Individuals who survive infectious disease may acquire
partial or complete immunity and therefore may have lower mortality rates
(Lee 1997).
It is well documented that there are considerable variations in health
across populations of diﬀerent socioeconomic backgrounds (United Na-
tions [UN] 1973). Inequality in health is an important social problem even
in highly wealthy and egalitarian nations today (Kitagawa and Hauser
1973; Notkota et al. 1985; Lehmann, Mamboury, and Minder 1990;
Diderichen 1990; Lawson and Black 1993; Deaton and Paxson 1999). Some
evidence suggests that the social health gradient has not diminished in spite
of rising income during the second half of the twentieth century (Preston,
Haines, and Pamuk 1981; Marmot et al. 1991; Marmot 1999). It is widely
accepted that such health diﬀerentials by socioeconomic status cannot be
fully explained by diﬀerences in health behaviors or in access to medical
care. Numerous hypotheses have been suggested to explain how social and
economic environments alter human biological functioning. Some fre-
quently cited mediating factors between wealth and health include work-
related stress, family background, and other social support networks. A
growing number of studies demonstrate that health at middle and older
ages reﬂects earlier health and may be correlated across and within genera-
tions (Barker et al. 1989; Barker 1997; Ravelli et al. 1998; Wadsworth and
Kuh 1997). Some studies see the principal impacts of socioeconomic status
on health as stemming not from brief episodes but instead from the accu-
mulation of repeated stress over the lifespan (Seeman et al. 1997). Another
line of research focuses on the role of income inequality, maintaining that
inequality in relative socioeconomic status raises the level of psychosocial
stress that negatively aﬀects endocrine and immunological processes
(Sapolsky 1993; Wilkinson 1996). In spite of the tremendous amount of
previous research, there is still heated debate going on over the magnitude
of the socioeconomic diﬀerences in health and the causes of the recent rise
in the inequality in health (Fogel and Lee 2002).
The patterns of socioeconomic diﬀerences in mortality and morbidity
provide important clues to the causes of long-term changes in health. Stud-
ies have attributed the long-term improvement in health to a number of fac-
tors, including the elimination of chronic malnutrition; advances in public
health; improvements in housing, sanitation, and food hygiene; and ad-
vances in medical technology (Higgs 1973, 1979; Appleby 1975; McKeown
1976, 1983; Condran and Cheney 1982; Livi-Bacci 1982; Kunitz 1983; Fo-
gel 1986, 1991). Recent historical studies have found that health as mea-
sured by life expectancy and mean adult height deteriorated through the
early nineteenth century in the United States and some European nations
in spite of the growth in per capita income (Pope 1992; Floud and Steckel
1997). This ﬁnding indicates that economic growth and epidemiological
conditions are not independent forces, and (more importantly) that, under
52 Chulhee Leecertain circumstances, the eﬀects of economic development on the disease
environment can be strongly adverse.1 Despite the extensive research on
such issues, the relative importance of the potential factors of health re-
mains unclear. Achieving a proper understanding of these matters is im-
portant not only from a historical point of view, but also, perhaps more sig-
niﬁcantly, for predicting the impact on health of ongoing technological and
social changes in developing countries.
The purpose of this article is to deepen our understanding of these issues
by exploring the eﬀects of socioeconomic status and local disease environ-
ment on the later health and mortality of Union Army recruits. The Union
Army sample and supplemental data set containing information on local
death rates are ideal for addressing the issues introduced above, since they
possess the following major advantages over data analyzed in previous re-
search. First, the semicontrolled conditions of the army camps during the
war provide a unique chance to determine the relationship between socioe-
conomic background and health. The Civil War brought together a large
number of men from heterogeneous socioeconomic and ecological back-
grounds into an extremely unhealthy environment that caused unusually
high rates of disease contraction and consequent mortality.2 Upon being
mustered into the service, rural dwellers were suddenly plunged into close
contact with impoverished men from cities where disease and mortality
rates were high, but who were nevertheless in good enough health to pass a
physical examination. Another unique feature of the army is that recruits
were conﬁned to relatively homogeneous living conditions in terms of the
quality of diet, housing, and disease environment compared to normal so-
ciety. Owing to these features of army life, we are able to identify more
clearly the eﬀects of socioeconomic and ecological factors—in particular,
the extent of previous exposure to disease—on the degree of susceptibility
or resistance to disease. Furthermore, detailed descriptions of disease diag-
noses, and cause and date of death while in service, which are contained in
the Union Army medical records, make it possible to examine the patterns
of cause-speciﬁc mortality and timing of wartime deaths.
In an earlier paper, I analyzed the wartime disease experiences of Union
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1. The possible causes of the downward swings in the trend of health, according to these
studies, are rapid urbanization, a decline in the proportion of the population employed in agri-
culture, increased geographical mobility, more rapid increases in population than in food
supply, a rise in the relative food price, an increase in inequality in income distribution, short-
term adverse movement in real wages, and the turbulence of the Civil War (Rosenberg 1962;
Steckel 1983, 1995; Fogel 1986, 1991; Komlos 1987; Floud, Wachter, and Gregory 1990; Cuﬀ
1992; Costa 1993; Gallman 1995, 1996; Margo 2000, ch. 7).
2. About 12 percent of all recruits who served in the Union Army died while in service (Vi-
novskis 1990). Death from disease was more than twice as frequent as death from injury
(Steiner 1968, 8). Civil War armies actually suﬀered comparatively less disease mortality than
any previous army. The ratio of the number of deaths from disease to the number of soldiers
killed in combat was 7 for the American army in the Mexican War, and 8 for British soldiers in
the Napoleonic Wars (McPherson 1988, 487).Army recruits based on a relatively small sample of persons from the state
of Ohio (Lee 1997). This study showed that the relationship between per-
sonal characteristics and health among army recruits was nearly the oppo-
site of the common patterns of socioeconomic diﬀerences in health found
in the civilian populations in the nineteenth century. Former farmers, rural
residents, and natives, who were healthier on average prior to enlistment,
were more likely to contract and die from disease than were nonfarmers, ur-
ban dwellers, and non natives, respectively. I suggested that socioeconomic
diﬀerences in early childhood exposure to disease were responsible for the
unusual patterns of mortality diﬀerentials while in service.3
This article extends and improves my previous study in three major re-
spects. First, I use a much larger sample of Union Army recruits from eight-
een diﬀerent states in the Northeast, Midwest, and upper South. This larger
and geographically more balanced sample will provide a more general pic-
ture of wartime medical experiences during the Civil War. This also enables
me to analyze how the eﬀects of socioeconomic and ecological factors on
health varied across diﬀerent regions. Second, I employ an improved mea-
sure of economic status, namely, household wealth per adult male equiva-
lent. This new index will more accurately represent the economic well-being
of a person than does household wealth because it considers not only the ex-
tent of economic resources but also the need for spending. Finally, and most
signiﬁcantly, I use a more explicit measure of the local disease environment,
namely, county-level child death rates, which will enrich our understanding
of the link between the extent of exposure to disease and later health.
3.2 Data
This study is based on a sample of the several primary data sources that
were collected and linked as part of the project titled “Early Indicators of
Later Work Levels, Disease, and Death” jointly sponsored by the National
Institutes of Health, the Center for Population Economics at the University
of Chicago, and Brigham Young University. The sample used in this paper
is composed of 28,546 recruits who enlisted in the states of Connecticut,
Delaware, Illinois, Iowa, Kansas, Kentucky, Maine, Maryland, Massachu-
setts, Michigan, Minnesota, Missouri, New Hampshire, New York, Ohio,
Pennsylvania, Vermont, West Virginia, and the District of Columbia.
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3. Despite the negative consequences for net nutritional status, survivors of unhealthy envi-
ronments developed better immunity to some of the infectious diseases that were rampant in
army life. Lee (1997) provides suggestive evidence in support of this hypothesis, based on the
patterns of disease-speciﬁc mortality diﬀerentials and of the timing of death. Some diseases
are known to have greater potential for the development of immunity. By classifying diseases
by this criterion, I found that the “paradoxical” diﬀerentials were greater for diseases with
greater immunity potential. The diﬀerence in the hazard of dying from immunity-sensitive dis-
ease was much greater in the earlier stages of military service when enlistees were not seasoned
to the unhealthy environment of the army camps.The service records contain very detailed descriptions of the diseases or
wounds that recruits suﬀered during military service. As soon as a recruit
was too ill to report for duty, his condition was noted in morning reports. If
his condition required medical attention, it was recorded in the regimental
surgeon’s report; if he was hospitalized, the diagnosis of the disease was de-
scribed in the case history together with the ultimate outcome, such as re-
turn to service, discharge for disabilities, or death (U.S. Surgeon General’s
Oﬃce 1870, vol. 1). Information on disease and on date and cause of death
in service were gathered from these sources. Military service records pro-
vide information on demographic and socioeconomic characteristics of re-
cruits, such as age, occupation at enlistment, place of birth, and height,
among other variables, as well as on their military careers, including rank,
military duty, company, regiment, change in military status, dates of enlist-
ment and discharge, and so on. Additional information on socioeconomic
status and on household structure prior to enlistment can be drawn from
manuscript schedules of the 1860 census: These contain information on
age, occupation, place of birth, household wealth, place of residence, and
literacy, not only for recruits but also for their family members.
In order to construct county-level child death rates, an indicator of local
epidemiological environment in the areas in which recruits lived prior to
enlistment, I utilize a sample of mortality data from the 1860 federal pop-
ulation census.4 This sample is not a complete compilation of the mortal-
ity schedules for 1850 and 1860. The collection contains information on
roughly 400,000 decedents in twenty states, with good coverage of Mid-
western and Southern states, but has less information for the Northeast
(e.g., the collection contains no records for New York, Massachusetts, or
Pennsylvania). Each record reports the state and county in which the death
occurred, the date and cause of death, the decedent’s age at death, and his
or her occupation and place of birth.
One obstacle in using these county-level variables on mortality is a po-
tential bias problem. The number of deaths may have been understated in
these sources for several reasons. The two most important of these are, ﬁrst,
the retrospective nature of the question (if the interviewee either forgot
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4. The mortality data used in this study are available at the Web page of the Center for Pop-
ulation Economics, http://www.cpe.uchicago.edu. This sample of mortality data was created
by genealogist Ronald V. Jackson during the 1980s. Although Jackson’s principal interest was
in obtaining nominal information to provide to individuals exploring their family history, he
collected the full range of data available in the mortality schedules. These records were gener-
ated by census marshals in their house-to-house canvass in the 1850 and 1860 censuses of the
United States. The marshals concluded their interviews with each household by inquiring
whether anyone from the household had died in the twelve months preceding the day of the in-
terview. If the answer was aﬃrmative, information on decedents was recorded on a separate
mortality schedule. Most of these schedules were returned to state archives earlier in this cen-
tury, and many have since been microﬁlmed. Some of these were acquired by Jackson and com-
puterized at his facility in Salt Lake City. See the chapter by Ferrie in this volume for detailed
features of these data.about a death or was unaware of one, such death would not be reported on
these schedules), and second, should an entire household have died, none
of their deaths would be reported. If the magnitude of such potential un-
dercounts diﬀered across counties, there will be a bias problem arising from
measurement errors, as described in Condran and Crimmins (1979). I have
not made any attempt to correct such potential errors in this study.
Since the data have been constructed from a number of diﬀerent sources
with uneven rates of successful linkage, the use of several diﬀerent samples
depending on the variables used in the analysis is unavoidable. Among
the socioeconomic variables needed for this study, household wealth and
county of residence as of 1860 are found only in the census data. Of the
28,546 recruits, 11,056 men (about 39 percent) were successfully linked to
the 1860 census. Therefore, I limit the sample to these 11,056 recruits when-
ever household wealth is concerned. In addition to these individuals, we
have information on county of enlistment for 8,264 recruits among those
who were not linked to the 1860 census. Assuming that these recruits en-
listed in the army in the same counties where they lived in 1860, I use the
sample of 19,320 men who were linked to the 1860 census or whose coun-
ties of enlistment were known, whenever the information on the county of
residence prior to enlistment is needed. Finally, of the 11,056 men who were
linked to the 1860 census, 3,864 lived in counties for which the county death
rates are available. I use this sample where the eﬀects of local epidemiolog-
ical environment indicated by child death rate are analyzed.
Table 3.1 compares the medical experiences while in service and other
personal characteristics of the three major samples that are used in this
study. The three samples are generally similar in terms of the number of
cases per person and the number of deaths per 1,000 cases for all diseases
combined and for each of six major diseases.5 Among the personal charac-
teristics, only the percentages of farmers and of immigrants are notably
diﬀerent between the full and census-linked samples.6 Despite the uneven
geographical coverage of the Jackson collection of mortality data, the
sample linked to the mortality census is comparable to the full sample in
terms of regional composition. Although we cannot preclude the possibil-
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5. The number of cases is slightly greater for the recruits who were successfully linked to the
1860 census than for the entire sample, which is to be expected due to the nature of the data
collections. The rate of linkage to census records is higher for those who are connected to pen-
sion records because pension ﬁles provide useful information, especially on place of residence,
that helps to locate and identify persons in manuscript schedules of censuses. And army vet-
erans with health problems originating from military service were more likely to apply for and
receive pensions because early pension laws required such conditions. Therefore, it is not sur-
prising that recruits who were connected to census records present more severe medical expe-
riences while in service.
6. These diﬀerences can also be explained by the disparate linkage rates to pension records:
Immigrants were less likely to be found in pension records because many of the foreigners who
died during the early postwar years had no eligible dependents or were used behind the front
and so were less likely to incur war-related disabilities (Fogel 1993).ity of sample selection bias based solely on this comparison, the result sug-
gests that such a bias problem is not likely to be serious.
3.3 Socioeconomic Background, Disease, and Mortality
In this section, I basically replicate my previous study (Lee 1997) using a
much larger and more representative sample. Let us begin with a descrip-
tion of the overall features of medical experiences of the recruits in the
sample. Nearly 12 percent of recruits in the sample died while in service,
two-thirds from illness and the rest from wounds. The total casualties and
the fraction of deaths caused by disease are well matched with the statistics
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Table 3.1 Medical Experiences in Service and Personal Characteristics: A
Comparison of Three Samples
Full Population Census– Mortality Census–
Sample Linked Sample Linked Sample
Number of cases per person
All diseases 2.066 2.338 2.086
Diarrhea 0.431 0.506 0.440
Typhoid 0.061 0.074 0.064
Malaria 0.218 0.228 0.234
Pneumonia 0.034 0.036 0.029
Measles 0.036 0.044 0.042
Smallpox 0.013 0.016 0.013
Number of deaths per 1,000 cases
All diseases 37.6 40.8 37.8
Diarrhea 60.2 60.5 57.7
Typhoid 308.7 324.4 290.3
Malaria 13.5 15.0 14.4
Pneumonia 170.1 186.9 207.2
Measles 81.5 83.5 73.6
Smallpox 229.0 288.9 326.5
Personal characteristics
Mean age 25.6 26.1 25.9
Mean height 67.5 67.9 68.0
Percentage of farmers 47.6 57.6 57.5
Percentage of the U.S.-born 69.3 82.1 86.2
Region of enlistment (%)
New England 9.2 10.3 10.4
Mid-Atlantic 37.3 31.2 37.4
East North Central 35.8 39.1 34.1
West North Central 11.1 12.5 8.0
South 6.6 6.9 10.1
Military position
Percentage of privates 91.8 89.8 88.9
Percentage of infantrymen 67.5 65.1 67.8
N 28,536 11,073 3,864for the entire Union Army. I identiﬁed the six most common diseases
in army camps, namely, typhoid, smallpox, measles, diarrhea (including
dysentery), pneumonia, and malaria.7 These diseases are responsible for
nearly four-ﬁfths of all deaths caused by illness and two-ﬁfths of all disease
cases. Of these diseases, diarrhea is the single most important killer, ac-
counting for 32 percent of all deaths caused by disease, followed by typhoid,
which explains 23 percent of disease-caused deaths.
Table 3.2 reports the wartime mortality from disease in general (D), the
mean number of cases per person-year (C), and the case fatality rates (F) of
all diseases for recruits according to age, occupation, population size of
county, household wealth, and nativity.8 The mean number of cases of dis-
ease per person-year reﬂects how susceptible recruits of a particular so-
cioeconomic background were to disease, while the case fatality rates indi-
cate how robust they were in resisting the diseases they contracted.
Among the variables pertaining to socioeconomic status used in the anal-
ysis, household wealth per adult male equivalent may require an explana-
tion regarding the method of construction. Household wealth is one of the
most widely used indicators of economic well-being of individuals. In
studying the determinants of health in the nineteenth century, household
wealth is often interpreted as a measure of nutritional status because the
quality of diet was one of the most important links between economic sta-
tus and health at a time when medical interventions were limited. In order
to construct a more accurate measure of a person’s economic well-being (or
quality of diet), it is necessary to consider the size of the household’s needs
as well as its material resources. Use of simple per capita household wealth,
taking household size into account, only partially satisﬁes this requirement
because the demand for consumption goods diﬀers by age, sex, and labor
force status. A common method of measuring the needs of a household is
to convert the number of household members into a scale of adult male
equivalents based on the demographic structure of the household, such as
the number of householders of a particular age and sex. In order to apply
this method it is necessary to determine the scale of a particular type of per-
son based on the relative size of his or her consumption. Here, I consider
only food consumption as the basis for determining the scale. I utilize the
average caloric consumption of a typical male and a female at given ages as
a proportion of that consumed by a male aged twenty to thirty-nine, re-
ported in Fogel (1993, 9). For instance, the average caloric consumption of
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7. Malaria includes intermittent and remittent fevers; typhoid includes typho-malaria and
continuous fevers.
8. The deﬁnitions of these ﬁgures are as follows: The mean number of cases per person-year
of disease kfor group jis (∑pCASEpjk/∑pSERVICEpj), and the case fatality rate of disease kfor
group j is (DEATHjk/∑pCASEpjk), where CASEpjk is the number of cases of disease k that a re-
cruit p in group j suﬀered, SERVICEpj is the length of service in year (measured in days) for a




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































.a female aged ﬁve to nine is 66.67 percent of an adult male’s average con-
sumption. Accordingly, a female aged ﬁve to nine is regarded as equivalent
to 0.6667 of an adult male.
The results presented in table 3.2 conﬁrm the previous ﬁnding that the
pattern of mortality diﬀerentials in the army was nearly the opposite of the
relationship between the socioeconomic status and health of civilians. On
average, former farmers had about a 35 percent higher case fatality rate,
and about 40 percent more cases of disease per year of service than non-
farmers. As a consequence of a higher susceptibility and case fatality rate
combined, farmers were twice as likely to be killed by disease while in ser-
vice as nonfarmers.9 This result remains unchanged if country of birth and
household wealth are controlled for. For instance, farmers had markedly
higher case fatality and wartime mortality rates in all ﬁve categories of
household wealth.
To examine the eﬀect of population size of place of residence, I divided
the sample into rural and urban residents. I include in urban areas all coun-
ties that are classiﬁed as metropolitan areas by the Integrated Public Use
Microdata Series (IPUMS) of the 1860 census.10The result reported in table
3.2 indicates that rural residents were twice as likely to die from disease
while in service as were city dwellers. In particular, recruits from rural areas
were much more susceptible to diseases than urban residents, as indicated
by the diﬀerence in the mean number of cases per person-year.
Since most of the farmers lived in rural areas, the eﬀects of occupation
and urban residence can be distinguished by comparing rural farmers, ru-
ral nonfarmers, and urban residents. Farmers who lived in rural counties
were two and half times as likely to die from disease in service as urban res-
idents. These diﬀerences reﬂect the combined eﬀects of occupation and
place of residence. The diﬀerence in the number of cases is accounted for al-
most equally by the eﬀects of urban residence and of occupation, while the
diﬀerence in the case fatality rate is largely explained by the eﬀect of occu-
pation.
Native recruits were similar to the foreign-born in the risk of dying while
in service. Natives suﬀered more disease per year of service, but had a lower
case fatality rate than nonnatives. These two diﬀerent factors of mortality
cancel each other out. This result contrasts with the pattern found in Ohio
where native recruits were at considerably higher risk of dying from disease
while in service than nonnatives. A regional comparison of the association
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9. Nonnatives were overrepresented among nonfarmers, and farmers were wealthier than
nonfarmers on average. Hence, it is necessary to control for these factors in order to identify
the pure eﬀect of occupation.
10. The following counties were classiﬁed as metropolitan areas in 1860: Albany, Erie,
Kings, New York, Richmond, Rensseaer (N.Y.); Baltimore (Md.); Middlesex, Norfolk, Su-
ﬀolk (Mass.); Cook (Ill.); Hamilton, Kenton (Ohio); Jeﬀerson (Ky.); Clark, Floyd (Ind.); Or-
leans (La.); San Francisco (Calif.); Essex, Hudson, Camden (N.J.); Montgomery, Philadel-
phia, Allegheny (Pa.); Kent, Providence (R.I.); and St. Louis (Mo.).between socioeconomic factors and mortality while in service indicates that
natives recorded a higher mortality rate than nonnatives only in the East
North Central region (see section 3.5). Although the pattern of mortality
diﬀerentials varies considerably across age categories, the above result is
generally true for each age group. As in the case of Ohio, the household
wealth of recruits prior to enlistment appears to have had no clear eﬀect on
the likelihood of contracting diseases or the risk of dying from those dis-
eases.
I conduct logistic regressions to examine the eﬀect of each of the socioe-
conomic factors, controlling for all other factors at the same time. Three
diﬀerent models are employed. The ﬁrst and second regressions estimate
the eﬀect of each independent variable on the separate probabilities of con-
tracting a disease and dying from a disease (respectively) while in service,
based on the sample of all recruits linked to the 1860 census. For the third
regression, the sample is limited to the recruits who had at least one illness
while in service. The second regression examines the determinants of the
degree of susceptibility to disease while the third is concerned with fatality
in case of contraction. The result of the ﬁrst regression on mortality shows
the combined consequence of the diﬀerences in susceptibility and lethality.
The recruits in the sample are classiﬁed into three groups according to oc-
cupation and place of residence: rural farmers (control group), rural non-
farmers, and residents in urban counties. Variables on personal character-
istics such as age, age squared, nativity, and log of household wealth per
adult equivalent are included. Variables on height are also added as an in-
dex of nutritional status of recruits. The year of enlistment represents vari-
ations in the severity of military missions, epidemiological conditions, and
the length of service. In a previous study I found that military rank and duty
had very strong eﬀects on the chances of dying while in service (Lee 1999).
This study also shows that military positions were selectively assigned to the
newly enlisted according to their socioeconomic backgrounds. To control
for this potential indirect eﬀect of socioeconomic characteristics on the
probability of dying through the assignments of military positions, I include
dummy variables on duty (which equals 1 if infantryman and zero other-
wise) and rank (equals 1 if private and zero otherwise).
The results of the regressions are presented in table 3.3. The estimated pa-
rameters for occupation and urban county conﬁrm the patterns of mortal-
ity diﬀerentials described above (see table 3.2). Farmers from rural areas
were much more likely to contract diseases and be killed by them than were
nonfarmers from rural counties and city dwellers. As suggested by Lee
(1997), the most plausible interpretation of these results is that the eﬀect of
earlier exposure to disease was particularly important. A number of studies
have noted the fragility of isolated populations once they come in contact
with diﬀerent disease pools (McNeill 1976; Curtin 1989; Pritchett and Tu-
nali 1995; Fetter and Kessler 1996; Sköld 1997). Despite the negative con-





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































.sequences for net nutritional status, survivors of unhealthy environments
developed better immunity to some of the infectious diseases that were ram-
pant in army life.
The results regarding the eﬀects of country of birth reveal two counter-
vailing eﬀects on wartime mortality as observed in table 3.2. First, U.S.-
born recruits were more likely to suﬀer illness (column [2]) but were less
likely than immigrants to die when they became sick (column [3]). The ad-
vantage of natives over foreigners in terms of fatality outweighs the disad-
vantage in the odds of contracting diseases. As a consequence, native re-
cruits were about 5 percent less likely to die from disease while in service
than were immigrants (column [3]). The lower contraction rate of immi-
grants may be explained by the circumstance that they were more likely to
be conﬁned to unhealthy environments. For instance, many immigrants su-
ﬀered from the overcrowding, bad ventilation, and spoiled foods of ship
cabins on the voyage from Europe to America. Moreover, most of the im-
migrants came to and ﬁrst stayed in large cities in the Northeast where com-
municable diseases were more prevalent than in the countryside. On the
other hand, the higher fatality among foreign-born recruits could be attrib-
utable to the generally poor health conditions of immigrants compared to
natives as indicated by their higher mortality and smaller stature in nine-
teenth-century America (Haines 1977; Higgs 1979).11
Finally, a close relationship between the adjusted household wealth and
the odds of contracting disease stands out in the regression result (column
[2]). An increase in the log of adjusted household wealth by 1 standard de-
viation (2.45) around the sample mean is associated with a decline by 7.4
percent in the probability of having at least one case of illness while in ser-
vice. In contrast, the adjusted household wealth is positively associated
with the odds of dying from disease for those who suﬀered illness, although
the relationship is statistically insigniﬁcant. The eﬀect of the adjusted
household wealth on the probability of dying from illness, a combined out-
come of the above two countervailing eﬀects, is relatively small in magni-
tude and statistically insigniﬁcant.12
I perform similar regression analyses separately for the six most common
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11. Height, an indicator of nutritional status, had no signiﬁcant eﬀect on the probabilities of
contracting and dying from disease while in service. A possible explanation for this result is
that the link between nutritional status and health was dominated by the strong inﬂuence of
infectious diseases in the army. The result of the chapter by Joseph Ferrie in this volume is sug-
gestive with regard to this point. In the mid-nineteenth-century United States, household
wealth, another proxy of nutritional status, was negatively related with mortality caused by
consumption, but not with the chances of dying from cholera, a more fatal infectious disease.
12. I also used the sum of personal property wealth per adult equivalent as a measure of eco-
nomic status. The results obtained using this alternative index of wealth were similar to those
reported in table 3.3. For the odds of contracting disease while in service, the estimated coeﬃ-
cient for personal property wealth was –0.056 and statistically signiﬁcant. But its eﬀect on the
probability of dying from disease was insigniﬁcant. The results for other variables were little
changed.diseases, namely, typhoid, smallpox, measles, diarrhea, pneumonia, and
malaria. According to epidemiological studies, the signiﬁcance of immu-
nity inﬂuence of prior contraction diﬀers from one disease to another. For
some diseases, such as measles, smallpox, and typhoid, an attack would
confer immunity and thus reduce the odds of contracting or dying from
those diseases in the future (such diseases will be called immunity diseases
below). For other diseases, such as malaria, diarrhea, dysentery, and pneu-
monia, a prior contraction has little inﬂuence on susceptibility to or resis-
tance against a later contraction (this type will be called nonimmunity dis-
eases).13 If the immunity hypothesis suggested above is true, the diﬀerence
in mortality between recruits who had come from diﬀerent environments
should be larger for immunity diseases than for nonimmunity diseases.
Table 3.4 presents the results for the probability of contracting each spe-
ciﬁc disease. The results are largely consistent with the immunity hypothe-
sis suggested above. The advantages of nonfarmers and urban dwellers over
farmers and rural dwellers are generally greater for immunity diseases than
for nonimmunity diseases. The greater odds of contraction among U.S.-
born recruits is statistically signiﬁcant for two of three immunity diseases
(typhoid and smallpox), compared to only one nonimmunity disease (diar-
rhea). Meanwhile, the eﬀect of adjusted household wealth is statistically
signiﬁcant for one immunity disease (measles) and one nonimmunity dis-
ease (diarrhea).
Table 3.5 reports the regression results for the probability of dying from
each speciﬁc disease conditional on contracting it. The relationship be-
tween socioeconomic factors and fatality is less clearly seen for individual
diseases than for all diseases. The eﬀect of occupation and urban residence
is statistically signiﬁcant only for typhoid. Natives had a signiﬁcantly lower
fatality than immigrants for an immunity disease (measles) and two non-
immunity diseases (diarrhea and malaria). The wealthier had disadvan-
tages only in the case of pneumonia.
For another test of the immunity hypothesis, I examine the time pattern
of wartime mortality. It is documented in the medical histories of the Civil
War that the earlier seasoning period in the army was most critical for the
survival of recruits. During this period enlistees with limited prior develop-
ment of immunity were exposed to a pool of various infectious diseases in
the army (Steiner 1968). If the diﬀerences in wartime mortality between
farmers and nonfarmers were mainly caused by the diﬀerence in immunity
status, most of the diﬀerence should have occurred in the early stages of mil-
itary service when the recruits were not seasoned to the severe disease envi-
ronment of the army camps.
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13. For the epidemiological characteristics of these and other diseases see May (1958),
Steiner (1968, 12–26), and Kunitz (1983, 351–53). For more recent documentation of the his-
tory of speciﬁc diseases, see Fetter and Kessler (1996) for measles, Zurbrigg (1997) for malaria,


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































.To see whether this was the case, I calculate the hazard rate of dying from
a particular type of disease for each of the four-month intervals from en-
listment. The hazard rate for the ﬁfth to eighth month, for example, shows
what proportion of the recruits remaining alive in service at the beginning
of the ﬁfth month died from any illness or some speciﬁc type of disease
within the following four months. If a recruit died from any cause or was
discharged alive between the ﬁfth and eighth months, he is removed from
the population at risk when the hazard rate of the next time interval (the
ninth to twelfth month) is calculated.
The time patterns of wartime mortality reported in table 3.6 are consis-
tent with the immunity hypothesis. In general, hazard rates of dying from
any disease or immunity disease were higher during the ﬁrst year in service,
particularly from the ﬁfth to the eighth months, than in subsequent periods,
conﬁrming the remarks on the seasoning period given in medical histories
of the Civil War (see ﬁg. 3.1). Moreover, a disproportionately large fraction
of the diﬀerence between farmers and nonfarmers in mortality caused by
immunity diseases was made in the ﬁrst eight months. For nonimmunity
diseases, in contrast, the incidence of wartime deaths is relatively evenly dis-
tributed over time in military service (see ﬁg. 3.2). There is no clear time pat-
tern of the diﬀerence between farmers and nonfarmers in the hazard rate of
dying from nonimmunity-type diseases except that the diﬀerence was espe-
cially large between the ﬁfth and eighth months in service.
The results presented in this section largely conﬁrm the previous ﬁndings
based on the sample of Ohio regiments (Lee 1997), building a strong cir-
cumstantial case for the importance of earlier disease exposure. However,
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Table 3.6 Hazard Rates of Dying from Disease: Number of Deaths per 1,000 Men within
Four-Month Intervals
Any Illness Immunity Non-immunity
(1) (2) (3)
Months in Military Service Farm Nonfarm Farm Nonfarm Farm Nonfarm
0–4 23.8 12.8 13.2 4.5 5.7 3.2
4–8 48.5 22.2 20.6 13.4 18.0 8.0
8–12 29.2 21.3 9.3 5.0 12.9 10.5
12–16 24.9 18.6 6.6 3.3 13.5 9.7
16–20 20.3 13.1 6.3 3.2 9.6 6.5
20–24 21.4 10.7 4.4 2.0 12.5 7.2
24–28 18.5 18.1 2.5 1.0 10.8 12.2
28–32 11.0 11.6 2.4 1.5 7.3 8.4
32–36 10.1 7.4 1.3 0.8 6.5 4.7
Notes: The number of recruits who died from a particular type of disease within each four-month inter-
val was divided by the number of recruits who remained alive in service at the beginning of the time in-
terval and then was multiplied by 1,000. If a recruit died from any cause while in service or was discharged
alive, he was removed from the pool of population at risk. For the classiﬁcation of disease see text.occupation or urban residence are only indirect indicators of local disease
environments. Therefore, the interpretations of the results suggested above
are subject to reservations. We now turn to a more direct test using an ex-
plicit measure of disease environments that will help to establish the above
argument more strongly.
3.4 Local Disease Environment, and Later Health and Mortality
In this section, I analyze the inﬂuences of prior exposure to disease using
a more explicit measure of local epidemiological environment, namely, the
child death rate of each county where recruits resided prior to enlistment.
Child or infant mortality is a widely used indicator of the prevalence of in-
fectious diseases. Previous studies have found that infectious diseases in-
creased the chances of suﬀering chronic conditions such as heart, respira-
tory, and musculoskeletal disorders at middle and older ages (Barker 1992,
1994; Elo and Preston 1992; Costa 2000). The link between earlier contrac-
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Fig. 3.1 Hazard functions of dying from immunity disease
Fig. 3.2 Hazard functions of dying from nonimmunity diseasetion of infectious diseases and later health conditions could be explained in
part by the nutritional losses caused by the infections. For example, Haines
(1998) found that the crude death rate of the localities where Union Army
recruits were reared had a strong negative eﬀect on their heights at the time
of enlistment. The analysis of this article is distinct from the existing litera-
ture in that it is concerned with the relatively short-term inﬂuences of in-
fectious diseases when individuals were exposed to highly severe disease
conditions in the army.
As explained above, I calculated the number of deaths in each county for
children under age ten and for the population at large from the sample of
the 1860 mortality census. By dividing the number of deaths by the county
population, I computed the child and crude death rates for each county. Fi-
nally, this county-level data set on death rates was linked to the sample of
recruits based on the names of the state and county where the recruits lived
in 1860. It turned out that 3,864 recruits lived in the counties for which
death rates are estimated. For 3,550 of them there is nonmissing informa-
tion for each variable used in the analysis. The balance of this section is
based on the sample of these 3,550 recruits. The sample means of the crude
death rate (number of deaths per thousand) and child death rate (number
of child deaths per thousand children) are 2.6 and 4.8, respectively. These
death rates fall short of the estimate of the crude death rate for the United
States circa 1860, 21 deaths per thousand (Poulson 1981, table 10.2). Even
if we consider the fact that the Northern death rate was lower than the na-
tional average, the estimated county death rates are still much too low, in-
dicating that the number of deaths should be severely undercounted in our
mortality data. I use these underestimated county death rates without mak-
ing any corrections. It should be noted that by doing so I implicitly assume
that the extent of undercounting is similar across counties.
Table 3.7presents the results of logistic regressions that show the eﬀect of
local disease environment indicated by county child-death rate on the prob-
abilities of dying from disease (column [1]), of contracting disease (column
[2]), and of dying from disease in case of contraction (column [3]). As pre-
dicted by the immunity hypothesis, the child death rate is negatively associ-
ated with the odds of contracting any disease. The magnitude of the eﬀect
is considerably large. An increase in the child death rate by 1 standard de-
viation (3.6) around the sample mean is associated with a 45 percent de-
crease in the chances of contracting a disease while in service.14 However,
the child death rate has no signiﬁcant eﬀect on the fatality rate of those who
had one or more disease cases. Largely due to the inﬂuence on the odds of
contraction, the child death rate has a strong eﬀect on the chances of dying
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14. The child death rate variable is subject to a measurement error problem because the un-
dercount of deaths may not be constant across counties. If this is the case, the eﬀect of child















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































.from disease. I tried several diﬀerent speciﬁcations, by including instead of
the child death rate the crude death rate, the infant death rate (death rate of
children under age one), the log of the child death rate, and dummy vari-
ables for ﬁve categories of counties according to the size of the child death
rate. The results for these speciﬁcations, not reported here, provide practi-
cally the same implications.15
The results for other independent variables are generally similar to the re-
sults from the previous regressions in which the child death rate is not in-
cluded (table 3.3). The only major diﬀerence is that the eﬀect of country of
birth loses statistical signiﬁcance. Using the 3,550-man sample, I also con-
ducted similar regressions after excluding the child death rate. A compari-
son of the results of these regressions, not presented here, with the original
regressions presented in table 3.6 shows that the disappearance of the eﬀect
of nativity is due mainly to the restriction of the sample, not the inclusion
of the child death rate in the regressions. The results also indicate that de-
spite the additional control of the child death rate in the regressions, the
magnitudes of the coeﬃcients for occupation and urban county remain
little changed. This implies that the two diﬀerent measures of exposure to
disease—population size of place of residence and child death rate—inde-
pendently aﬀected the chances of dying while in service.
Tables 3.8 and 3.9 oﬀer the results of similar regressions conducted sep-
arately for six speciﬁc diseases. The eﬀect of the child death rate signiﬁ-
cantly aﬀects the chances of infection only for two nonimmunity diseases,
diarrhea and malaria (table 3.8). On the other hand, measles is the only dis-
ease whose fatality was signiﬁcantly inﬂuenced by the child death rate (table
3.9).16Theseresults suggest that immunity may not be the only link between
local disease environment and health. This point is also relevant for the
question of why farmers were disadvantaged even for nonimmunity-type
diseases for which their superior nutritional status should have provided an
advantage. A possible explanation is that people who lived in unhealthy en-
vironments were more aware of how to avoid contracting disease than those
with little experience of disease. According to a qualitative record, for ex-
ample, Germans ate fewer sweets, cooked their food more carefully, and
more actively pursued cleanliness (Hess 1981, 66–67). A number of con-
temporary accounts suggest that rural residents and farmers were particu-
larly unhygienic and ignorant of child health (Preston and Haines 1991, 38–
39). Alternatively, it could be explained by a population selection caused by
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15. The estimated coeﬃcient for infant death rate for the odds of contracting disease is much
smaller in magnitude, –0.011, compared to –0.062 obtained using child death rate. However,
since the standard deviation of infant death rate (16.9) is nearly ﬁve times larger than that of
child death rate (3.6), an increase in either measure of mortality would produce a similar de-
cline in the probability of contracting disease while in service.
16. Using alternative measures of local mortality rate such as crude death rate and infant





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































.diﬀerential mortality; that is, individuals who survived an unhealthy envi-
ronment were on average more robust. Further studies are called for to de-
termine how prior exposure to unfavorable epidemiological environments,
if survived, strengthen human resistance to disease.
3.5 Regional Diﬀerences
This section documents how the relationship between socioeconomic
factors and wartime mortality diﬀered across regions. Let us begin with a
regional comparison of the general features of wartime mortality. Table
3.10 reports the cause-speciﬁc death rates for ﬁve regions. The result indi-
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Table 3.10 Number of Cases and Deaths from Speciﬁc Causes, by Region
New East North West North
All England Mid-Atlantic Central Central South
Number 28,546 2,623 10,643 10,227 3,167 1,886
Cases per 
person-year
Wounds 0.29 0.35 0.38 0.25 0.20 0.20
Illnesses 1.07 0.86 0.91 1.28 1.30 0.91
Deaths per 
1,000 men
Wounds 38.5 72.4 39.3 30.3 37.3 33.9
Illnesses 77.7 100.6 50.0 85.0 127.6 79.5
(100.0) (100.0) (100.0) (100.0) (100.0) (100.0)
Immunity 
diseases 24.5 34.3 15.5 27.3 36.6 25.4
(30.5) (34.1) (31.0) (32.1) (28.4)
Typhoid 18.7 29.7 14.1 18.9 23.7 20.1
(23.2) (28.9) (26.7) (21.3) (18.2) (25.0)
Smallpox 2.9 1.1 0.9 4.1 6.9 2.7
(3.6) (1.1) (1.8) (4.6) (5.3) (3.3)
Measles 2.9 3.4 0.5 4.4 6.0 2.7
(3.6) (3.3) (0.9) (5.0) (4.6) (3.3)
Nonimmunity 37.1 44.6 23.5 41.2 64.7 35.5
diseases (47.7) (44.3) (47.0) (48.5) (50.7)
Diarrhea 26.0 31.3 18.0 28.3 44.8 19.1
(32.2) (30.4) (34.2) (31.9) (34.4) (23.7)
Pneumonia 5.8 4.2 2.1 7.8 11.1 9.0
(7.2) (4.1) (3.9) (8.8) (8.5) (11.2)
Malaria 2.9 5.3 2.3 2.2 4.7 4.2
(3.7) (5.2) (4.3) (2.5) (3.6) (5.3)
Tuberculosis 2.5 3.8 1.1 2.8 4.1 3.2
(3.0) (3.7) (2.1) (3.2) (3.1) (3.9)
Scurvy 1.5 0.4 1.5 2.0 0.9 1.6
(1.9) (0.4) (2.9) (2.2) (0.7) (2.0)
All other  17.5 23.6 12.2 18.0 28.1 18.0
diseases (21.7) (23.0) (23.2) (20.3) (21.5) (22.4)cates that recruits who were enlisted into the New England regiments were
particularly more vulnerable to wounds, compared to other regions. They
were nearly twice as likely to die from wounds as were recruits who enlisted
in other regions, largely due to a higher case fatality rate. This indicates that
New England regiments were presumably sent on more dangerous mis-
sions. On the other hand, mortality from disease was the highest for the
West North Central (12.8 percent), followed by New England (10.1 per-
cent) and the East North Central (8.5 percent). The Mid-Atlantic regiments
had the lowest mortality from disease (5 percent). It is notable that, if New
England is excluded, there is a clear negative association between disease-
inﬂuenced mortality and the extent of urbanization. New England regi-
ments may deviate from such a regularity because they went through more
severe military missions, as indicated by the greater casualties caused by
wounds. The distribution of the speciﬁc causes of death from illness, re-
ported in parentheses in table 3.10, does not diﬀer much between regions.
Table 3.11presents the mortality from all types of diseases, immunity dis-
eases, and nonimmunity diseases for a number of diﬀerent socioeconomic
categories. Though diﬀerent from one another in the absolute mortality, the
Mid-Atlantic, East North Central, and West North Central are generally
similar in terms of the mortality diﬀerentials according to socioeconomic
backgrounds. Meanwhile, New England and the South demonstrate re-
markably diﬀerent patterns. I ﬁrst describe the patterns of mortality diﬀer-
entials for the Mid-Atlantic, East North Central, and West North Central.
In these three regions, farmers were about 1.7 times as likely to be killed by
disease as were nonfarmers. The mortality diﬀerential between farmers and
nonfarmers is much greater (2.5 times greater for farmers than for non-
farmers) for immunity diseases. A comparison between farmers and non-
farmers who lived in rural counties shows similar patterns. Recruits from
rural counties were at much greater risk of dying from disease, especially
from immunity diseases, compared to recruits from urban areas. These
mortality diﬀerentials according to occupation and urban residence remain
true if country of birth and household wealth are controlled for. The asso-
ciation between country of birth and mortality from disease diﬀers between
farmers and nonfarmers. For nonfarmers, there is no signiﬁcant diﬀerence
in mortality between natives and nonnatives. For farmers, on the other
hand, the foreign-born were considerably less likely to die than natives.17As
in the case of the full sample, household wealth had no systematic eﬀect on
the likelihood of dying from disease. But mortality from nonimmunity dis-
ease is clearly lower for the top wealth category in all regions but the South.
The advantages that farmers and rural residents had over nonfarmers
Prior Exposure to Disease and Later Health and Mortality 75
17. This result indicates that the advantages of nonnatives over natives found in the Ohio
regiments (Lee 1997), although not observed for the entire sample, are true not only for the


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































.and city dwellers, respectively, are much less visible for New England. For
immunity diseases, the diﬀerence in mortality between farmers and non-
farmers is comparable to the diﬀerence found for the above three regions.
But farmers and nonfarmers in New England were no diﬀerent in their like-
lihood of dying from nonimmunity diseases. The mortality gap between ru-
ral and urban residents is even smaller, only 16 percent, because the former
had a higher, not lower, mortality from nonimmunity diseases than did the
latter. In contrast, the mortality diﬀerentials by occupation and county of
residence were much more pronounced for recruits from the South. Such
greater mortality diﬀerentials are largely due to the diﬀerences in mortality
from immunity disease. For example, Southern farmers were ﬁve times
more likely to die from immunity disease than were nonfarmers. Among
192 recruits who lived in urban areas in the South prior to enlistment, not
a single person was killed by immunity disease, while 4.1 percent of rural
residents died from this type of disease.
The farm-nonfarm gap in mortality diﬀers considerably between natives
and the foreign-born for these two regions: The advantages of nonfarmers
over farmers are much greater for the foreign-born than for natives. In New
England, foreign-born farmers were twice as likely to die from illness as
were foreign-born nonfarmers, largely due to their lower mortality from im-
munity disease. In the South, on the other hand, mortality from illness is
more than three times greater for foreign-born farmers than for nonfarm
immigrants. If household wealth is controlled for, farmers in New England
were slightly more likely to die from disease than were nonfarmers, as ob-
served above, for all but one category of wealth. In the South, on the other
hand, the farm-nonfarm diﬀerence in mortality depends upon the magni-
tude of household wealth. That is, among the wealthy, farmers were less
likely to die from disease than were nonfarmers, mainly due to their lower
mortality from nonimmunity disease. Among the poor, in contrast, mor-
tality from disease is greater for farmers than for nonfarmers.
I conduct logit regressions to see how the eﬀects of socioeconomic fac-
tors on the probability of dying from disease diﬀered across regions. Table
3.12 presents the results. The regression results for the Mid-Atlantic, East
North Central, and West North Central are generally similar to the results
for the entire sample. The major diﬀerence is that natives are not signiﬁ-
cantly diﬀerent from nonnatives in terms of the likelihood of dying from
disease while in service. The advantages that recruits from urban areas or
nonfarmers had over rural farmers are greater in the Midwest than in the
Northeast. This result could be explained by the fact that, in a more urban-
ized region such as the Northeast, the diﬀerence in the extent of exposure
to disease between rural and urban population was presumably small rela-
tive to that in a more rural region.
The regression results for New England and the South do not support the
hypothesis that recruits from healthier environments were more robust in















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































.resisting disease because of their superior immunity status. If other socioe-
conomic factors and military positions are controlled for, occupation and
county of residence do not have any signiﬁcant eﬀects on the probability of
dying from disease while in service. In New England, natives were much less
likely to be killed by disease than were foreign-born recruits. In the South,
the mortality diﬀerentials according to occupation and place of residence,
clearly seen in table 3.11, are no longer present once other variables are con-
trolled for.
These peculiar patterns of New England and the South remain a puzzle
to be examined in further studies. A possible explanation for the case of
New England is that the eﬀects of socioeconomic backgrounds were rela-
tively weak because New England regiments went through more diﬃcult
and dangerous military missions, as indicated by greater casualties caused
by wounds. Under circumstances where people are exposed to strong com-
mon risk factors that are not associated with their socioeconomic back-
grounds, it would be more diﬃcult to identify the eﬀects on mortality of
socioeconomic factors. In the South, the weak relationship between socio-
economic background and wartime mortality may be explained as follows:
First, since urban development was relatively retarded in the South, urban
and rural disease environments were probably not much diﬀerent in this re-
gion compared to those in the North.18 Second, even the rural population
may have been exposed to relatively unhealthy environments in the South
due to a climate that is more favorable to the development of various infec-
tious diseases.
3.6 Summary and Implications
The most important result of this study is that prior exposure to unfa-
vorable epidemiological environments reduced the chances of contracting
and dying from disease while in service. Farmers and rural residents, who
were healthier on average prior to enlistment owing to a greater extent of
isolation from other people, were more likely to succumb to illness and to
be killed by disease than nonfarmers and urban dwellers, respectively. Na-
tive recruits were subject to a greater risk of illness than were foreigners,
who had more chances of exposure to infectious diseases in the course of
immigration. More direct evidence for the relationship between local dis-
ease environment prior to enlistment and health while in service comes
from the result that recruits from a county with a higher child death rate
were less likely to contract disease than those from a low-mortality county.
The diﬀerent degree of immunity against pathogens is probably the most
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18. In 1860, slightly more than 8 percent of the population in the South lived in cities with a
population of 2,500 or more, as compared to 36 percent in the Northeast and 14 percent in the
North Central (U.S. Bureau of the Census 1975, A178–179).important link between the extent of prior exposure to disease and later
health. That is, despite the negative consequences for net nutritional status,
survivors of unhealthy environments developed better immunity to some of
the infectious diseases that were rampant in army life. This hypothesis is
supported by the result that the mortality diﬀerentials by occupation and
place of residence are particularly large for diseases such as typhoid, small-
pox, and measles that are known to have greater potential for the develop-
ment of immunity. Consistent with the immunity hypothesis, moreover, a
disproportionately large fraction of the diﬀerence between farmers and
nonfarmers in mortality caused by immunity diseases was made in the early
stage of military service when recruits were not seasoned to the new disease
environment in the army camp.19
However, immunity may not be the only link between local disease envi-
ronments and health. The eﬀect of the county death rate on the odds of con-
tracting disease is strong for nonimmunity diseases such as diarrhea and
malaria. Also, farmers were disadvantaged even for nonimmunity-type dis-
eases for which their superior nutritional status should have provided an
advantage. A possible explanation is that people who lived in an unhealthy
environment were better aware of how to avoid contracting disease than
those with little experience of disease. An alternative account is population
selection caused by diﬀerential mortality: Individuals who survived an un-
healthy environment were on average more robust.
The results of this study provide a counterexample of the “insult accu-
mulation model” stating that each insult from illness or injury leaves the in-
dividual more susceptible to disease in the future (Alter and Riley 1989).
The medical experiences of recruits suggests that it is possible that a prior
insult provides a resistance to disease, especially when a person is suddenly
exposed to a severe disease environment such as Civil War army camps.
More generally, this study suggests that we need to reconsider the interrela-
tionship between epidemiological environments and the development of
human resistance to disease in order to better understand the links between
early-life conditions and later health.
This study provides new evidence pertaining to the link between economic
status and health in the nineteenth century. A weak association between
wealth and mortality has been a puzzling phenomenon in U.S. economic and
demographic history. Steckel (1988) has found that wealth conveyed no sys-
tematic advantage for the survival of women or children in households
matched in the 1850 and 1860 censuses. As late as 1900, economic status ap-
pears to have been a much less important correlate of child mortality than
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19. These conclusions are conﬁrmed by the chapter in this volume by Daniel Smith, based
on published military service records of New York regiments. Regiments whose recruits came
from counties that were more rural and that had lower crude death rates experienced higher
mortality during the war. Moreover, the background factors associated with prior exposure to
disease were much stronger during the ﬁrst year in service than thereafter.place of residence (Preston and Haines, 1991, 150–58). This has led to dis-
cussions of egalitarian patterns of death and of relatively small diﬀerences in
health by social class, perhaps because the poor were better fed in the United
States than in Europe.20 I reported in previous research that there existed a
positive eﬀect of wealth on health at least for some diseases on which nutri-
tional inﬂuence is great (Lee 1997). I also claimed that the association be-
tween wealth and mortality from all causes was weak because the inﬂuence
of infectious diseases was so strong that it dominated the eﬀect of economic
status. The present study has found that economic status measured by
household wealth per adult equivalent reduced the chances of contracting
diseases while in service. However, wealth had no favorable eﬀect on mor-
tality. This result suggests that in spite of a weak wealth-mortality link, eco-
nomic status may have been an important determinant of health in the nine-
teenth century, particularly if morbidity rather than mortality is considered.
This article also strengthens my previous hypothesis that changing hu-
man resistance to disease is a potentially important factor in the changes in
health in nineteenth-century America. Life expectancy and mean adult
height, major indicators of health, declined through the early nineteenth
century (Fogel 1986; Komlos 1987, 1992, 1996; Floud, Wachter, and Gre-
gory 1990; Pope 1992; Steckel 1995; Gallman 1995, 1996). A highly plaus-
ible explanation for the cycle in health is the epidemiological impact of in-
creased geographical mobility. Higher rates of interregional trade and
migration increased morbidity and mortality by spreading communicable
diseases and by exposing newcomers to diﬀerent disease environments. The
rise of public schools and changes in labor organization exerted a similar
eﬀect by increasing the risk of exposure to infectious diseases (Steckel 1995,
1929–30). The results of this study provide additional evidence for this hy-
pothesis, highlighting the adverse eﬀect of contact with new disease envi-
ronments caused by geographical migrations.
There was a turnaround in the deterioration in health in the late nine-
teenth century. Mortality rates started to decline again after the Civil War,
and adult height began to increase in the late nineteenth century. Even
though a consensus has been reached that the elimination of chronic mal-
nutrition; advances in public health; improvements in housing, sanitation,
and food hygiene; and advances in medical technology were important fac-
tors which contributed to the decline in mortality, the relative importance
of those factors is still under debate (Higgs 1973, 1979; Appleby 1975;
McKeown 1976, 1983; Condran and Cheney 1982; Livi-Bacci 1982; Kunitz
1983; Fogel 1986, 1991). The evidence provided in this article suggests that
an increase in the degree of resistance, either immunological or social,
against infectious diseases could be another potential factor.
Considering the roles of human resistance to disease helps to explain sev-
82 Chulhee Lee
20. In contrast to these studies, the chapter in this volume authored by Joseph Ferrie found
that wealth, especially personal wealth, had a strong impact on mortality in rural America.eral puzzles in the patterns of the improvements in health since the late nine-
teenth century, particularly regarding the exact timing of the change. Ac-
cording to pioneering regional studies, the upturn of the trend in the mean
height did not occur until the 1880s or 1890s, twenty to thirty years later
than the beginning of mortality improvements (Steckel and Haurin 1994;
Wu 1994; Coclanis and Komlos 1995). The nutrition hypothesis does not
explain why mortality began to decline long before any signs of nutritional
improvements appeared. On the other hand, the hypothesis regarding hu-
man resistance to disease is at least consistent with the timing of the mor-
tality decline. The proportion of the population living in urban areas sub-
stantially increased and, owing to the developments of canals and railroads,
the degree of geographical mobility rose between 1830 and 1860.21 These
changes presumably increased the fraction of the population who were ex-
posed to but survived various infectious diseases. The results of this study
suggest that such shifts in the epidemiological experiences of the popula-
tion would have lowered the mortality from infectious diseases. This expla-
nation is also consistent with the urban-rural diﬀerence in the mortality de-
cline. The decline in mortality rates was faster in urban areas than in rural
areas between 1870 and 1900. Previous studies have explained this phe-
nomenon largely by the advances in the urban public health system (Haines
1977; Condran and Crimmins 1980; Preston, Haines, and Pamuk 1981).
However, the eﬀectiveness of the advances in public health measures such
as the provision of central water supplies, sewage systems, and inspection of
food and milk was at best limited even until the last decade of the nineteenth
century (Condran and Crimmins-Gardner 1978; Condran and Cheney
1982). On the other hand, the proportion of the population with prior ex-
periences with communicable diseases may have increased more rapidly in
cities than in the countryside. If this was the case, we would expect a faster
mortality decline in urban areas than in rural areas.
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